Parsley (Petroselinum crispum) cell cultures respond rapidly to treatment with fungal elicitor by the accumulation of coumarin phytoalexins in the culture fluid and by incorporation of ferulic esters into their cell walls. S-Adenosyl-L-methionine:trans-caffeoyl-CoA 3-0-methyltransferase activity, specifically involved in
Elicitor treatment of parsley cell cultures induces the concomitant accumulation of coumarin phytoalexins (26, 39) and of cell wall ferulic esters (25) . The accumulation of these metabolites represents part of the disease resistance response, which is believed to shield healthy tissue against fungal infection. The vital importance ofrapid reinforcement ofcell walls, initiated by esterification of hydroxycinnamic or hydroxybenzoic acids which later may be oxidatively cross-linked, has been documented in several instances (1, 17, 25, 32) . Both ' The work described in this report was supported by Deutsche Forschungsgemeinschaft (SFB 206) and Fonds der Chemischen Industrie.
wall reinforcement and phytoalexin accumulation in parsley require the formation of 4-coumaric acid as a central precursor in the general phenylpropanoid pathway (Fig. 1) . De novo induction of enzymes of this pathway, i.e. PAL2 and 4CL, was reported upon elicitation of parsley cells (5) and claimed responsible for phytoalexin accumulation (19, 31) . Cinnamic and coumaric acids rather than their CoA esters had nevertheless been assigned as precursors for the coumarins (3, 14, 30) , which implies a different metabolic role for the CoA ligase.
Two enzyme activities from elicited parsley cells, which catalyze the formation of feruloyl-CoA from coumaroyl-CoA, have recently been described (15, 27) . As an attractive feature, this new pathway explains the formation of the various CoA esters by the action of only one ligase with a narrow substrate specificity (29) . The respective enzymes, 4-coumaroyl-CoAspecific 3-hydroxylase and CCoAMT ( Fig. 1) , appear to occur in many different plant cells (20; our unpublished results) in which their activities are commonly induced upon elicitation. Elicitor-induced changes in the activity of parsley CCoAMT, specifically involved in the formation of ferulic esters, were shown to closely follow, with a lag of approximately 3 to 4 h, the time course of induction of PAL and 4CL activities (27) . Furthermore, dark-grown control cultures contained considerable CCoAMT activity, which increased only about fourfold upon elicitation. The experimental evidence suggested, therefore, that CCoAMT may belong to a group of regulatory enzymes together with PAL and 4CL (25) .
We report here the purification of CCoAMT from the elicitor-treated parsley cells and its immunological characterization. The report confirms the unusual nature of this enzyme, in comparison to other MTs, beyond the level of activation by high salt and ethanol that had been noticed earlier (27) . 
MATERIALS AND METHODS

Materials and Chemicals
All chemicals and solvents were ofanalytical grade. AdoMet and (methyl-'4C)AdoMet (2.2 GBq/mmol) were purchased from Sigma, Deisenhofen, and Amersham-Buchler, Braunschweig, respectively. Caffeoyl-CoA had been synthesized previously (27) . Trypsin 'sequencing grade' was from Boehringer Mannheim, Mannheim. All Sephadex, Sepharose, and Ultrodex gel materials, as well as Ampholine, were purchased from Pharmacia, Freiburg. Centriprep cartridges were from Amicon, Witten. HAP had been synthesized previously from CaCl2 (24) . Affinity matrices were purchased from Sigma, Deisenhofen (AMP-agaroses), and Pharmacia, Freiburg (CoAagarose, adenosine-CH Sepharose), or synthesized according to the literature (6, 34) . Phosphatase-conjugated goat antirabbit or anti-mouse IgG antibodies were purchased from Sigma, Deisenhofen. Pansorbin standardized cells were from Calbiochem, Frankfurt.
Cell Cultures and Elicitors
The propagation and induction of parsley (Petroselinum crispum) cell cultures with crude elicitor from Phytophthora megasperma f. sp. glycinea (5 mg/40 mL suspension culture) were as described previously (27 consisted of Ac-E-N-Y-E-I-G-L-P-I-I-G-K coupled with glutardialdehyde to ovalbumin (17 mol peptide/mol ovalbumin). Rabbits received first subcutaneous and lymphatic injections followed by intramuscular and subcutaneous booster injections.
Cross-reactivity of sera with native CCoAMT was determined in standard enzyme assays after incubation of enzyme extracts ( 1-6 ug protein) with sera ( 10 ,uL) for 1 h at 30°C and an additional 4 h at 4°C, followed by treatment with pansorbin (10 ,L) and centrifugation, or by ELISA assays (Institut fur Immunbiologie, Universitat Freiburg).
RESULTS
Purification
Partial purification of CCoAMT from elicitor-treated parsley cell suspension cultures was reported previously (27) . For complete purification, it was necessary to modify the purification protocol considerably (Table I) . Anion exchange chromatography on Q-Sepharose was carried out at pH 6.5 rather than 7.5, although substantial loss ofenzyme activity occurred under these conditions. The instability of parsley CCoAMT activity at a pH below 7.0 had been noticed before (27) . Chromatography on Phenylsepharose, previously used as a purification step (27) , proved to be inefficient with only low recovery of enzyme activity and was, therefore, omitted. Several attempts were made at this point to purify the enzyme further by affinity chromatography, which had been sucessfully employed in purification of other MTs (7, 35 Table I ) to obtain homogeneous, albeit small, quantities of enzyme protein.
A molecular mass of 48 ± 3 kD was repeatedly determined for the native CCoAMT by exclusion chromatography on Sephadex S200HR (27) . This order in size was confirmed by the relative mobility of catalytically active CCoAMT in native gradient PAGE (data not shown) between ovalbumin and bovine serum albumin, corresponding to a mass of approximately 50 kD. SDS-PAGE of the purified enzyme revealed only one band after staining with Coomassie blue (Fig. 2) , Table I . Proteins were stained in the gels with Coomassie blue (A) or transferred to nitrocellulose filters for Western blotting (B and C). The blots were developed with either rabbit preimmune serum (B) or the serum generated to a decapeptide corresponding to a partial CCoAMT sequence (from tryptic peptide No. 29 and ligated to ovalbumin) (C) followed by phosphataseconjugated anti-rabbit IgG antibodies as described in "Materials and Methods." Molecular mass markers (lane R) were (from the bottom) carbonic anhydrase, ovalbumin, bovine serum albumin, phosphorylase b, ,B-galactosidase, and myosin.
corresponding to Mr 24 ± 1 kD. These data clearly suggest that native parsley CCoAMT is composed of two subunits.
Amino Acid Sequence
Homogeneous CCoAMT protein (50 jig) was subjected to the standard microsequencing procedure after spotting on glass fiber filter, which should sequentially resolve N-terminal amino acids by HPLC separation of their PTH-derivatives (36) . Not a single amino acid, however, could be identified in several cycles, suggesting that the N-termini ofboth CCoAMT subunits are blocked. The enzyme employed for sequencing had not been exposed to gel electrophoresis which rules out the common chemical blocking of N-termini (23) . Another portion of pure CCoAMT (100 ,g) was, therefore, digested with trypsin, and individual peptides were separated from the digest by reversed phase HPLC (Fig. 3) . Eight of the peptides were chosen for microsequencing, and four out of those yielded sequences of at least ten amino acids. The latter sequences showed no overlap and added up to roughly 60 amino acids ( Fig. 3 ; Table II ). Taken together with the results of SDS-PAGE and the N-terminal blockage, parsley CCoAMT is likely to be composed of two very similar or even identical subunits. The sequence data enabled the synthesis of oligonucleotide probes for dot blot hybridizations, which have been used to demonstrate rapid transcriptional regulation of CCoAMT in response to elicitor treatment of parsley cells (A-E Pakusch, U Matern, unpublished data).
Generation of Polyclonal Antisera to CCoAMT
The generation of polyclonal antisera to three caffeic acid 0-methyltransferases was reported in the context of TMVinfected tobacco (8) . Two of these antisera (OMT I and 11) were kindly provided for testing by C. Legrand (Strasbourg, France). Neither one of these sera showed cross-reactivity to native CCoAMT from parsley or to the enzyme protein blotted on nitrocellulose from SDS-PAGE (Western blots). Two rabbits were used initially in an attempt to generate antisera to the homogeneous, native CCoAMT protein. The enzyme (85 ,gg/rabbit) was injected into the lymphatic vessels, followed 2 weeks later by booster injections (85 ,tg/rabbit), and serum was drawn after an additional 2 weeks. These sera, however, did not cross-react with the blotted CCoAMT protein nor did they inhibit the activity in crude or purified enzyme extracts. Further immunizations were, therefore, attempted in mice (35 ,ug CCoAMT protein/mouse) which were boostered twice in 4-week intervals (35 jig CCoAMT protein/ injection). The sera collected at various times also failed to cross-react with native or blotted CCoAMT. In a third series, ovalbumin and pure CCoAMT were dinitrophenylated following a protocol of Iverson (1 1), and the derivatized proteins were injected into mice. Again, the sera obtained from these animals did not react with blotted CCoAMT and did not inhibit the enzyme activity. In summary, all the experiments aimed at raising antibodies by injection of native CCoAMT failed. In a final attempt, the homogeneous CCoAMT was heat denatured prior to injection into mice (5 ,ug/mouse), and the animals were booster injected once (5 ,ug protein/mouse) after 4 weeks. Sera collected in these experiments showed crossreactivity with the homogeneous CCoAMT bound to microtiter plates in ELISA assays (data not shown). The serum did not react, however, with denatured CCoAMT blotted from SDS-PAGE (Western blots).
Generation of Antisera to a Partial CCoAMT Sequence A synthetic decapeptide, corresponding to a partial CCoAMT sequence, as determined by microsequencing and conjugated to ovalbumin via glycine and glutaraldehyde residues, was used to raise antisera in rabbits. The injection of 250 ,ug per rabbit was followed by a 500-fig booster injection 4 weeks later, and the serum was collected after an additional 2 weeks. This serum showed strong cross-reactivity with CCoAMT protein in Western blots (Fig. 2) . Furthermore, serum recognition was specific and yielded only one band in blots developed from SDS-PAGE ofcrude or partially purified (Table 11 ).
enzyme. This band was indistinguishable in Western blots from that of the homogeneous CCoAMT (Fig. 2) (4, 10) , are commonly composed of only one polypeptide chain ranging from 35 to 65 kD (2, 9, 12, 13, 16, 28, 37) . Furanocoumarin O-MTs had been the only exception, to our knowledge, possessing large molecular masses of 85 to 1 10 kD (38) and 67 to 73 kD (7) and being composed of two subunits in parsley (7) . Having multiple subunits appears to Glu-Asn-Tyr-Glu-lle-Gly-Leu-Pro-lle-lIe 29 lIe-Gly-Gly-Leu-lIe-Gly-Tyr-Asp-Asn-Thr-Leu-X-Asn-Gly-Ser-Val-Ala-Gln-Pro-Ala 36 Ser-Leu-Leu-Gln-Ser-Asp-Ala-Leu-Tyr-Gln-Tyr-lle-Leu-Glu-Thr-Ser-Val-Tyr-Arg)* 37 Asn-Thr-XqGlu)*-IleGly-Val-Tyr-Thr-Gly-Tyr-Ser (Gly)* * These amino acids were not identified unequivocally. be more common in some O-MTs from fungi (18) and bacteria (22) . The unusual nature of parsley CCoAMT had been noticed earlier (27) by the in vitro stimulation of Vmax with salt or ethanol. This might be the result of hydrophobic sites in the enzyme core that must be exposed for maximal catalytic activity. Such sites may explain the tight binding of the enzyme to Phenylsepharose (27) .
The difficulties encountered in the generation of antisera against the native CCoAMT cannot be explained. Because repeated attempts in different species failed, we suspect fundamental rather than methodological reasons. The fact that quantities of the denatured enzyme protein much less than those of the native enzyme employed were satisfactory to trigger the immune response in mice supports that assumption. Such failure may be expected, if CCoAMT was a protein highly conserved during evolution as is the case with G proteins (H Stieve, personal communications). No protein sequence similar to that of parsley CCoAMT could be discovered, however, on screening data banks with our limited sequence data (results not shown).
Protein and nucleic acid MTs, which fulfill regulatory functions important for metabolism, have been the object of homology studies (10, 22) . Such studies revealed three conserved protein sequence domains, and the evolution of these domains by gene duplication(s) was proposed (22) . CCoAMT from parsley shares some similarity with the AMTs in particular, which consist of relatively low molecular mass dimers (36 kD) (22) . Both AMTs and CCoAMT specifically methylate adenine-like substrates, and their substrate binding sites have likely evolved by gene duplication with reference to the fact that also the cosubstrate AdoMet is bound to the enzyme at its adenine site (33) . Similarity is also revealed in the CCoAMT amino acid sequence motif of -G-G-surrounded by hydrophobic residues (-I-G-G-L-I-G-Y-) which was recognized previously in one of the conserved domains of AMTs (10, 22) . This motif may contribute to the modulation of enzyme activity in vitro upon the addition of salt or ethanol.
CCoAMT catalyzes a reaction that is important for many plant cells coping with stress. Therefore, the mechanism of its regulation is of general interest. The immunological and sequence results presented in this report provide the basis for such studies at the molecular level.
